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 Abstract 
Background: Limited previous research has contrasted physical activity (PA) patterns in preschool 
children across different hourly patterns or segments of day, or adopted similar meth-
odologies to compare the PA behaviors of children from different countries. The pur-
pose of this study was to examine how the PA levels and patterns differed between 3-
year-olds within and between childcare and homecare days in Finland and Australia. 
Material/Methods: ActiGraph GT3X accelerometers were used to monitor 121 (80 Finnish, 41 Australian) 
children’s PA for five consecutive days. 
Results: No significant country differences were observed in children’s daily total PA (light-to-
vigorous PA [LMVPA]), except that during childcare days Finnish children spent more 
time in light PA compared to Australian children. During childcare attendance hours 
children engaged in moderate-to-vigorous PA (MVPA) for an average of 48 minutes 
(SD = 24) covering 54% of their daily MVPA in Finland, and for 53 minutes (SD = 34) 
covering 64% of their daily MVPA in Australia. Variation in children’s hour-by-hour PA 
was more pronounced during childcare days than homecare days. 
Conclusions: Despite the variations based on cultural practices, no major differences were ob-
served in children’s daily total PA between the countries. However, these findings 
provide a better understanding of 3-year-olds’ PA behavior patterns and will serve as 
valuable evidence for the development of PA promotion in preschool children in both 
Finland and in Australia. 
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Introduction 
Lifestyle habits such as physical activity (PA) and sedentary behavior (SB) are established 
during the early years of childhood [1, 2]. Engaging in efficacious PA as a child can serve as a 
foundation for a physically active adult lifestyle [3, 4]; however, SB seems to constitute an even 
stronger influence on later lifestyle [5, 6]. Moreover, decreasing SB and increasing children’s PA is 
a worldwide health priority [6, 7]. 
The common preconception among adults is that preschool children (3-to-5-years old) are 
naturally very active; however, studies of objectively measured PA and SB undertaken with this 
age group have drawn attention to the fact that levels of PA are typically low and of SB high [8, 9]. 
It is possible that childcare settings may act as barriers to PA [9]. Secondly, the habits associated 
with SB such as TV viewing are formulated and maintained within Western populations in early 
childhood [5, 6]. Low levels of PA and high levels of SB are related to health-risk behaviors such as 
increased consumption of unhealthy foods [8] and abnormal weight gain [4]. Despite the benefits of 
PA to young children’s physical, social and psychological development [1], previous studies have 
indicated that preschoolers do not achieve the standards proposed in global guidelines for daily PA 
[9, 10]. 
According to the Organization for Economic Co-operation and Development (OECD) Family 
database [11], 69% in Europe, 36% in US and 12% of 3-year-old children in Australia attend 
childcare or early education services. Because children spend considerable time at childcare, this 
setting can make an important contribution to the welfare and health of young children via an 
influence on their levels of PA behavior [12, 13, 14]. For instance, Finn et al. [12] concluded that 
the childcare center was the strongest predictor of activity levels among children attending 
childcare, with more than 50% of the daily PA performed during childcare hours. Results of 
a review by Hinkley et al. [15] showed that boys were more active than girls, that children with 
active parents tended to be more active, and that children who spent more time outdoors were 
more active than children who spent less time outdoors. Similarly, a recent comparison study 
involving Swedish and US preschool children demonstrated that PA was significantly higher 
outdoors than indoors during preschool time for both countries, and that time spent outdoors 
seemed to be a supportive aspect of objectively measured MVPA for preschool children [16]. 
The assessment of young children’s PA is challenging, primarily because their behavior is 
intermittent and sporadic; therefore, objective measures such as accelerometers are 
recommended for use to detect these short spurts and to determine frequencies, intensities and 
duration of PA [8, 17, 18]. Although, accelerometers have become one of the most widely used 
methods for measuring PA and SB in free-living preschool children [17, 18, 19, 20] only limited 
research exists that considered PA variability in preschool children across different segments of 
day or PA patterns hour-by-hour [21, 22]. Furthermore, the number of studies that have adopted 
similar designs and methodologies to compare PA behaviors of children from different countries in 
childcare and home settings is minimal. The aim of this study, therefore, was to investigate 
variations in the daily childcare and homecare PA levels and patterns of Finnish and Australian 
3-year-olds. 
 
Material and methods 
Participants in Finland. Finnish participants were recruited from Central Finland, in a large re-
gional city. A total of 14 childcare centers volunteered to be involved in the study. All families of the 
3-year-old children attending the participating childcare centers were invited to participate. A total 
of 96 (48 boys and 48 girls) children participated in the data collection from August to October (Au-
tumn). 
Participants in Australia. Australian participants were recruited from the inner and outer west-
ern urban regions of a major metropolitan city. All families of 3-year-old children attending the 13 
childcare centers that agreed to participate were invited to be involved in the project. Parent com-
pletion of consent forms resulted in the involvement of 64 (33 boys and 31 girls) children with in the 
data collection from March to August (Autumn to Winter). 
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The minimum valid PA requirement for the use of participant accelerometer daily data was at 
least 450 minutes of monitored PA per day (from 7 a.m. to 9 p.m.) for at least one childcare day 
and one homecare day as recommended by Cliff et al. (25). From the total sample, 16 children 
(17%) in Finland and 23 children (36%) in Australia were excluded from further analyses because 
children did not satisfy the minimum wear time criteria. Complete PA data were obtained for 80 
(53% boys) Finnish children and 41 (44% boys) Australian children. 
PA assessment and data reduction. Daily PA was objectively quantified with the ActiGraph 
GT3X (ActiGraph, LLC, Pensacola, FL, US). For this study, children were requested to wear an 
accelerometer for five consecutive days (from Wednesday to Sunday). The devices were initialized 
to record data over 5-s intervals (epochs) as recommended for children of this age [17]. The sepa-
rate count cut points for preschool-aged children established by Pate et al. [23] were adapted for 
this study to assess the amounts of time the children spent at the different intensity levels and to 
determine how many of children achieve the PA recommendations for preschoolers [24, 25, 26, 27, 
28, 29]. The following cut points determined by counts per minute (cpm) were used: sedentary  
(0-149 cpm), light (150-1679 cpm) and moderate-to-vigorous intensity physical activity (MVPA)  
(≥ 1680 cpm) (23). Recently, cut points of < 100 cpm and 1680 cpm for classifying SB and MVPA, 
respectively, are recommended [30]. 
All data were checked for normality before statistical analysis. Periods of non-wear time (de-
fined as 10 consecutive minutes of ‘0’ counts) and an upper range of biological plausibility (defined 
as no more than 15,000 cpm) were removed from the data [17]. The days during which participants 
did not achieve the minimal wearing time were considered as a noncompliant day and not used in 
the analyses. PA levels in cpm were derived as the main PA outcome. Daily PA levels (cpm/day), 
PA levels per hour (cpm/hour) and time spent at different PA intensity levels (i.e., sedentary, light 
PA and MVPA) in minutes/hour were calculated to assess both within- and between-day variability. 
In both childcare and homecare day hours between 7 a.m. and 9 p.m. were included to analyze 
within-day variability. The data reduction was done with using ActiLife version 6.5.2. 
Accelerometers were worn for an average of 4.5 (SD = .65) days, 634 (SD = 55) min-
utes/childcare days and 623 (SD = 66) minutes/homecare days in Finland. In Australia acceler-
ometers were worn for an average of 4.3 (SD = .91) days, 592 (SD = 65) minutes/childcare day 
and 579 (SD = 49) minutes/homecare day. No differences in mean monitor wearing days (p = .128) 
were observed between Finnish and Australian children; however, Finnish children had a signifi-
cantly higher mean wearing minutes/day compared to Australian children of 42 minutes for child-
care days (p = .001) and of 44 minutes for homecare days (p = .001). 
PA monitoring procedures. The parents and children were issued with an accelerometer on the 
first morning of their involvement in the research. All children, together with their parents and child-
care teachers, were instructed how to wear the accelerometer using an adjustable elastic belt over 
children’s right hip for as long as possible during all waking hours, and that to remove it only for 
water-based activities and when sleeping. Parents, childcare teachers and center managers were 
also provided written information about the correct procedures and proper accelerometer use. 
Parents were asked to record childcare attendance times. Additionally, parents were asked to 
report any abnormalities in daily routines, for example, long periods spent sitting (e.g., in a car), 
swimming, bathing and if the child was ill during the measurement period. Receptivity to wearing 
the instrument was rated by the parent on a five-point scale (from very pleasant to very unpleas-
ant). According to parents’ reports of their children’s receptivity to wearing the accelerometer, 95% 
of Finnish and 89% of Australian children reported experience as “pleasant” or “very pleasant”. 
Only 1% of the Finnish and 11% of Australian children reported the experience as “unpleasant” 
and none as “very unpleasant”. 
Background information in Finland. Typically Finnish childcare centers are community based 
and catered care for less than a hundred children. The typical age cohort that 3-year-old children 
are involved with at childcare are the 3-5-year-olds group. For 3-year-olds, childcare settings 
should provide one certified teacher per seven children [31]. Finnish childcare centers’, involved in 
this study, typical daily timetable is scheduled by meal times (8 till 8.30 a.m. breakfast; 11 till 11.30 
a.m. lunch; 2 till 2.30 p.m. snack) and rest (12 till 2 p.m.), morning (10 till 11 a.m.) and afternoon (3 
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till 5 p.m.) outdoor recess. After breakfast there are teacher-lead classroom activities. These ses-
sions can include pre-academic activities, music, handicrafts, or physical education (P.E.). In this 
study during the data collection periods, the participants attended childcare settings for an average 
of 7.7 (SD = .84) hours/day from 8 a.m. to 3.30 p.m. The mean outdoor temperature during Finnish 
data collection was average 9ºC (range: 16°C- -1°C) [32]. 
Background information in Australia. In contrast to the Finnish childcare system, Australian 
childcare centers are managed by the government, community, and private organizations. The 
numbers of children in attendance varies considerably depending on the funding and resources 
available to the centers. Centers operate on a half or full-day fee charged to parents for the care of 
their child. In the recruited childcare centers a typical daily schedule involves the following general 
routine: breakfast at 8 a.m., morning tea at 9.30 a.m., lunch at 11.30 a.m., sleep time or quiet ac-
tivities at 12 p.m., afternoon tea at 3 p.m. and a late afternoon meal/snack time at 5.30 p.m. Be-
tween the meals children are allowed to play indoors or outdoors depending on the weather. Dur-
ing the day there might also be structured group time for 3-to-5-year-olds. The Australian partici-
pants attended childcare settings for an average of 8.1 (SD = 1.95) hours/day from 8.30 a.m. to 
4.30 p.m. The mean outdoor temperature during Australian data collection was 12ºC (range: 
22°C-6°C) [32]. 
In Finland body weight and height were measured by researchers at the time of PA data collec-
tion. In Australia, parents or the guardians were asked to provide children’s body weight and height 
information. Body mass index (BMI: kg/m2) was calculated for each child (see Table 1). In Finland, 
the ethics committee of the local University, and the Social Affairs and Health officer in the city ap-
proved the study. The affiliate Australian University and Department of Education and Early Child-
hood provided ethical approval in Australia. 
Statistical analysis. The data were analyzed using SPSS for Windows (version 20.0). Descrip-
tive statistics were used to summarize the study sample in relation to the main variables. Means 
and standard deviations (SD) were calculated for daily total PA expressed as cpm, and time spent 
(percentages/day) at different intensity levels (sedentary, light PA, and MVPA) to show the extent 
of activity behavior. To compare PA levels on childcare and homecare days, paired-samples t-tests 
were conducted. Gender differences in total PA and in engagement at different intensity levels 
were analyzed using independent-samples t-test. A repeated measure MANOVA was used to 
compare differences in daily PA between childcare and home days for gender, country, and hour of 
the day. Statistical significance was set at an alpha level of .05 for all analyses. 
 
Results 
Children’s daily total PA. Children’s total PA was M = 730 cpm, SD = 139 (Finland M = 739 
cpm, SD = 143 and Australia M = 713 cpm, SD = 132). No significant differences were observed in 
mean daily cpm between childcare days (M = 715 cpm, SD = 149) and homecare days (M = 745 
cpm, SD = 192; t = -1.66, p = .101). During childcare days boys’ (M = 748 cpm, SD = 152) activity 
levels were higher than girls’ (M = 683 cpm, SD = 141) (F = .702, t = 2.45, p = .016), but no gender 
differences were observed during homecare days (p = .158). No country variations were recorded 
in activity intensities during childcare or homecare days, except during childcare days Finnish chil-
dren spent more time (average 20 minutes) in light PA than Australian children (p = .027). Descrip-
tive characteristics and total PA of the participants by country are shown in Table 1. 
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Table 1. Descriptive characteristics and total physical activity of the participants by country 
  
Finland  
(N = 80, 53% boys) 
Australia  
(N = 41, 44% boys)   
  Mean SD Mean SD p-value 
Age (yrs) 3.2 0.3 3.4 0.2 < .001 
Height (cm)  98.1  4.5  101.5  3.3 .006 
Weight (kg)  15.7  1.7  16.3  2.1 .114 
BMI (kg/cm2)  16.2  1.1  16.3  1.2 .773 
PA during childcare day      
cpm 728 136 687 170 .157 
Sedentary 55% 57% .084 
Light PA 31% 29% .027 
MVPA 14% 14% .539 
PA during homecare day      
cpm 749 212 737 145 .743 
Sedentary 55% 55% .676 
Light PA 31% 30% .661 
MVPA 15% 15% .826 
Note: BMI: Body mass index; cpm: counts per minute; cut points for counts/60s: sedentary 0-149, light PA 150-1679; 
MVPA: moderate-to-vigorous intensity ≥ 1680 cpm9. 
 
During childcare days all Finnish and 95% of Australian children engaged in LMVPA for 180 
minutes or more and 96% of Finnish and 83% of Australian children engaged in MVPA for 60 min-
utes or more. Only 10% of Finnish and 15% of Australian engaged in MVPA for 120 minutes or 
more. During homecare days, 98% of Finnish and 95% of Australian children engaged in LMVPA 
for 180 minutes or more, 89% of Finnish and 90% of Australian children engaged in MVPA for 60 
minutes or more and 14% of Finnish and 5% of Australian engaged in MVPA for 120 minutes or 
more. 
PA patterns during childcare days. A significant main effect of hour (F = 57.24, p < .001), and 
interaction effect of hour-country (F  = 14.52, p < .001) revealed that PA levels per hour and coun-
try varied across a childcare day (Figure 1). Between-subjects analysis indicated that PA varied by 
country (F = 4.87, p = .029) and gender (F = 5.65, p = .019) during a childcare day. During child-
care attendance hours, two significant increases in activity levels were monitored in both countries: 
between 10 and 11 a.m. and between 3 and 4 p.m. in Finland, and between 10 and 11 a.m. and 
between 4 and 5 p.m. in Australia. One major decline in PA levels was recorded during the resting 
times (12 till 2 p.m. in Finland; 1 till 2 p.m. in Australia). In Finland, one increase in activity levels 
was recorded after childcare hours, between 6 and 7 p.m. In Australia, during post childcare atten-
dance hours children’s PA levels decreased (See Figure 1). Childcare days' average minutes/hour 
in different activity intensities (sedentary, light PA, MVPA) are shown in Table 2. Children engaged 
in MVPA for an average of 48 minutes (SD = 24; 54% of daily MVPA), in LMVPA for 147 minutes 
(SD = 55; 53% of daily LMVPA) in Finland; and in MVPA for 53 minutes (SD = 34; 64% of daily 
MVPA) and in LMVPA for 163 minutes (SD = 79; 64% of daily LMVPA) in Australia during their 
childcare attendance hours. 
PA patterns during homecare days. A significant main effect of hour (F = 38.30, p < .001), and 
interaction effect for hour-country (F = 2.80, p = .002) indicated that PA levels varied by hour and 
country during a homecare day (Figure 2). Between-subjects analysis showed no variation be-
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tween variables across a homecare day. In Finland, PA levels increased between 10 and 12 p.m., 
3 and 5 p.m., and these activity levels remained the same until 8 p.m. A small decline in activity 
levels was observed between 1 and 2 p.m. In Australia, children’s PA levels increased at 9 a.m. 
and remained the same level until 4 p.m., when the next peak was recorded. After 5 p.m. children’s 
PA levels were decreasing respectively. Homecare days' average minutes/hour in different activity 
intensities (sedentary, light PA, MVPA) are shown in Table 3. 
 
Table 2. Average minutes/hour during childcare days in different activity intensities (sedentary, light PA and MVPA) 
Finland (N = 80) Australia (N = 41) 
Sedentary Light PA MVPA Sedentary Light PA MVPA Time 
Mean  SD Mean SD Mean SD Mean  SD Mean SD Mean SD 
7 a.m. 47.5 7.9 8.5 4.6 3.3 2.1 13.5 10.9 4.6 4.0 1.8 1.7 
8 a.m. 40.4 7.1 13.2 3.9 6.3 4.0 26.0 11.7 11.3 5.7 5.0 3.5 
9 a.m. 29.7 7.3 19.6 4.4 10.7 4.4 33.5 9.2 14.9 4.5 6.0 3.3 
10 a.m. 25.2 6.9 22.2 4.3 12.6 5.0 29.2 8.1 19.8 4.3 10.1 5.4 
11 a.m. 43.9 6.8 10.9 3.6 4.2 2.2 34.4 7.0 16.1 4.3 7.8 4.4 
12 p.m. 52.3 13.0 3.9 5.4 1.2 1.9 21.3 14.1 11.6 7.3 5.8 4.6 
1 p.m. 52.2 11.5 4.0 3.8 1.5 2.0 12.4 14.0 7.4 8.3 3.5 4.2 
2 p.m. 38.8 5.8 14.8 3.6 6.3 2.8 22.5 13.5 9.2 6.0 3.9 3.3 
3 p.m. 29.3 6.7 20.3 4.1 10.4 4.1 30.8 9.2 15.6 4.8 8.5 4.6 
4 p.m. 35.0 6.1 17.4 4.0 7.5 2.9 26.9 7.0 19.7 5.2 10.1 4.5 
5 p.m. 39.6 7.5 13.6 4.2 6.2 3.4 29.5 8.6 15.7 4.4 7.5 4.8 
6 p.m. 34.8 7.1 17.2 4.7 8.0 3.4 24.3 10.9 12.6 6.1 5.7 3.9 
7 p.m. 38.3 7.9 14.6 5.2 6.8 3.5 18.2 11.0 9.0 5.9 5.0 4.8 
8 p.m. 46.4 10.4 8.5 6.2 4.1 3.2 7.1 9.4 4.2 6.4 2.2 3.9 
Note. MVPA: Moderate-to-vigorous physical activity; SD: standard deviations 
Table 3. Average minutes/hour during homecare days in different activity intensities (sedentary, light PA, MVPA) 
Finland (N = 80) Australia (N = 41) 
Sedentary Light PA MVPA Sedentary Light PA MVPA Time 
Mean  SD Mean SD Mean SD Mean  SD Mean SD Mean SD 
7 a.m. 51.8 13.2 3.8 4.5 1.5 1.9 8.6 10.6 3.6 4.7 1.5 2.0 
8 a.m. 46.7 10.3 8.2 5.4 3.3 2.6 18.4 11.5 9.2 6.6 4.2 3.3 
9 a.m. 39.0 9.9 14.4 6.3 5.9 3.3 24.4 8.5 13.8 6.1 7.0 4.7 
10 a.m. 34.1 8.6 17.5 5.0 8.2 4.7 26.2 9.3 14.6 5.3 7.1 3.7 
11 a.m. 34.5 7.8 17.5 5.2 8.0 4.4 28.6 5.3 16.4 4.7 7.5 3.7 
12 p.m. 38.1 10.0 14.6 6.6 6.9 4.4 28.8 6.5 16.7 4.4 7.7 3.7 
1 p.m. 42.1 10.7 12.3 6.9 5.4 4.4 28.5 7.3 15.3 5.2 6.8 3.7 
2 p.m. 39.6 10.6 14.0 6.8 6.4 4.7 26.5 9.6 14.2 6.0 6.7 4.1 
3 p.m. 35.2 10.5 16.3 6.0 8.5 6.0 24.1 9.0 15.2 6.2 7.3 4.3 
4 p.m. 34.8 9.3 16.6 5.4 8.7 5.2 23.1 8.1 15.7 5.6 8.8 5.0 
5 p.m. 36.5 8.7 15.4 5.3 7.7 4.3 25.7 7.8 14.2 5.1 7.3 4.2 
6 p.m. 37.3 9.7 15.1 6.2 7.6 4.3 26.4 8.7 12.3 5.1 5.1 2.6 
7 p.m. 39.4 10.6 13.0 6.6 7.5 4.9 17.1 10.4 8.9 6.8 4.5 3.0 
8 p.m. 45.6 12.8 8.6 6.9 4.6 4.7 7.6 8.6 4.4 5.9 2.2 3.1 
Note. MVPA: Moderate-to-vigorous physical activity; SD: standard deviations 
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Fig. 1. Physical activity levels (cpm/hour) during childcare days 
 
 
Fig. 2. Physical activity levels (cpm/hour) during homecare days 
 
Discussion 
The purpose of this study was to determine 3-year-old children’s PA levels and to compare 
how these levels varied within and between childcare days and homecare days and differed be-
tween Finnish and Australian children. No significant country differences were found in children’s 
daily total PA, when PA was expressed as cpm. However, during childcare days Finnish children 
spent more time in light PA compared to Australian children. During childcare attendance hours 
children engaged in MVPA for 54% of their daily MVPA in Finland, and 64% of their daily MVPA in 
Australia. Children’s PA levels’ variation, hour-by-hour, was more pronounced during childcare 
days than homecare days, especially in Finland. Most of the children engaged in three hours or 
more of daily LMVPA [24, 25, 26, 27], or 60 minutes or more of MVPA, as widely recommended for 
preschoolers [29]. 
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The mean total PA scores for the children in the present study appeared to be higher than 
those reported previously in similar studies in different countries [22, 33, 34, 35, 36]. For example, 
in Scotland Jackson et al. [35] found total activity counts of 669 cpm and Reilly et al. [36] 692 for 3-
year-olds for compared to the mean of 730 cpm found in this study. Earlier preschool PA research 
has shown boys to be more active than girls [12, 15, 35, 37]. Children tend to be less active when 
more staff members are present or involved with children’s play [38, 39]. Girls in particular prefer to 
stay close to their teachers, thus, decreasing activity levels when teachers are present [40]. Simi-
larly, the current study also found gender differences in PA intensity levels in childcare days, but 
not during homecare days. 
Strong et al. [4] reported that preschools should provide opportunities for children to accumu-
late 60 minutes and more of MVPA each day. Many studies, however, have typically indicated that 
PA levels are very low among preschool children during their time in childcare settings [9, 13]. The 
current results tend to support this pattern whereby both samples of children did not meet the rec-
ommended minimum of 60 minutes of MVPA during childcare hours [4]. However, this study indi-
cated that during childcare hours children engaged in 56% of their daily MVPA and 53% of their 
daily LMVPA in Finland; and in 64% of their daily MVPA and 64% of their daily LMVPA in Australia. 
This finding supports the earlier research of Finn et al. [12]. 
Children’s PA patterns during childcare days. Despite no stated differences in children’s child-
care days’ total PA between countries, Finnish children engaged more in light PA compared to 
Australian 3-year-olds. A Belgian study previously reported significant increases in children’s ob-
jectively measured PA intensity during preschool recess and in times of unstructured free plays 
that were taken as an opportunity to be physically active [22]. Similarly, Finnish children’s intensity 
levels peaked twice during childcare attending hours, at 10 a.m. and 3 p.m., reaching the highest 
MVPA levels during the day. This may be explained by the specific practices within Finnish child-
care whereby settings generally only offer children an opportunity to engage in outdoor activities 
twice a day, in the mornings and afternoons. 
In Finland, outdoor times are associated with unstructured and free play in the playground. 
Also, several previous studies have indicated that children who spend more time outdoors are 
more physically active [12, 15, 17, 37, 41]. Cardon et al. [40] have suggested that the provision of 
sufficient play space for recesses (e.g., splitting children into groups with different recess times), 
favoring shorter and more frequent recesses during preschool hours or encouraging supervisors to 
promote continued activity during outdoor play offer considerable potential for increasing activity 
levels in preschoolers. Increases in PA within the Australian sample were also found at 10 a.m. 
and at 4 p.m. It is probable that during those hours children have been outdoors; however, the 
childcare programs in Australia are less restrictive in relation allowing children to play in the out-
door play area throughout the day. Despite these opportunities to play outdoors, Australian chil-
dren’s PA levels were surprisingly low. Relative to Cardon et al.’s [40] findings, it could be ex-
pected that Australian children in this study should have reached higher levels of activity. 
A noticeable decline in Finnish children’s intensity levels were observed during midday hours, 
between 12 p.m. and 1 p.m. Finnish children are required to have a day sleep, or at least lie down 
for an average of 30 minutes. For the Australian sample, intensity levels decreased minimally be-
tween 1 p.m. and 2 p.m., possibly because the day sleep time was less formally implemented than 
in Finland. The typical childcare days in both countries were also characterized by essential daily 
living activities such as dressing, eating, engaging in self-care activities and structured classroom-
based activities (e.g., fine motor activities, pre-academic activities), which are shown in the current 
results as lower PA level behaviors. Integrating PA into an existing preschool curriculum is a poten-
tial strategy to enhance PA in preschoolers [42]. 
One notable difference between the countries was revealed in the children’s typical childcare 
attendance times. Australian children attend childcare settings approximately 30 minutes more in 
comparison to Finnish children. However, in Finland, as is typical in the Nordic countries, children 
attend formal care full-time on five days, more than 30 hours per week, whereas, at the age of 
three children in Australia frequent childcare with substantial variation in attendance patterns (i.e., 
1 day through to 5 days per week; less than 20 hours per week) [11]. 
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Outside of childcare hours data revealed one increase (between 6 p.m. and 7 p.m.) in Finnish 
children’s PA levels. This supports thinking that parents are taking their children to the park or chil-
dren are participating in structured activities managed by sport clubs or private organizations (e.g., 
swim school). During this peak however, children’s MVPA levels were lower than during the child-
care hours. Congruent with results of the study of Verbestel et al. [22], the Australian data con-
firmed that after childcare hours were associated with reduced activity levels. Parents may assume 
that their child is getting enough PA during the childcare day, which could limit encouragement of 
the child to be physically active or to play outdoors after childcare hours. It is possible that the pre-
sent sample of children is engaged in SB such as TV viewing or using computers, similarly ob-
served in Belgium [40]. While SB tracks more consistently than PA; therefore, reducing children’s 
SB, especially TV viewing, and promoting their PA during the early childhood period can bring sus-
tained benefits that carry over into childhood [6]. 
Children’s PA patterns during homecare days. Homecare hourly patterns of PA determined in 
the current study are similar to the findings of Verbestel et al. [22], whereby, two increases in chil-
dren’s activity levels on homecare days (i.e., Finnish) were recorded between 10 a.m. and 11 a.m. 
and 3 p.m. and 6 p.m. Additionally, Australian children’s PA intensity levels were higher during 
hours between 11 a.m. and 12 p.m. These minor activity peaks were recorded slightly later than on 
childcare days. Children probably wake up later during homecare days. Finnish children’s after-
noon increase in PA supports thinking that families are active in their home environment. No major 
increases in Australian children’s PA during homecare serves as evidence supporting that children 
and their parents should be encouraged to spend more time playing outdoors or utilizing PA suit-
able settings. In general, activity patterns during homecare days were much less flattened and 
structured than during childcare days. Support for the current results is also found from Van Cau-
wenberghe et al.’s [21] report that hour-by-hour patterns of SB and MVPA were less variable dur-
ing weekend days than during weekdays. 
At the age of three, children may often spend weekdays at homecare, especially in Australia, 
and for this reason the study was designed to compare childcare days to homecare days instead 
weekdays to weekend days. The descriptive results revealed that no significant differences in in-
tensity levels or total PA were found between childcare days and homecare days, thus, constituting 
findings consistent with earlier studies [22, 35]. It is possible that the current sample of families’ 
essential daily living activities do not differ from childcare settings’ structured programs. In contrast, 
Cardon and De Bourdeaudhuij [33] reported higher levels of sedentary behavior on weekdays 
compared to weekend days, although MVPA was as low during the weekend days as during the 
weekdays. Furthermore, Van Cauwenberghe et al. [21] reported that preschoolers were less sed-
entary and engaged in more MVPA across the weekend days compared to weekdays, and there-
fore, weekdays offer the greatest opportunity to change SB and MVPA. 
PA recommendations for preschool children. According to trends detailed in a review of the 
physical activity levels of preschool-aged children presented by Tucker [10], only 54% of partici-
pants throughout the studies achieved the minimum of 60 minutes of PA daily. In the current study, 
almost all of Finnish children and the large part of Australian children fulfilled the requirement of at 
least 60 minutes of MVPA daily. Additionally, although most children met the recommendations of 
three hours of daily LMVPA [24, 25, 26, 27], only small number of the Finnish or Australian children 
achieved the Recommendations for Physical Activity in Early Childhood Education [28] of at least 
120 minutes of daily brisk PA (if defined as MVPA). 
Strengths and limitations. Continuing debate exists in the literature as to the strengths and limi-
tations of accelerometers. The choice of cut points significantly influences the amount of PA re-
ported across different intensity levels; however, no consensus has been reached regarding which 
cut points are most appropriate for preschool-aged children [19]. Investigators in the field of PA 
need to resolve the issue of which accelerometer cut points are the most appropriate [19] and con-
tinue to focus on standardizing methods for the collection, cleaning, analyzing and reporting of ac-
celerometer data [43]. Nevertheless, it is acknowledged that accelerometer generated data remain 
relatively accurate and warrant continued support as a reliable methodology for measuring PA and 
SB in free-living preschool children [17, 18, 20, 42]. 
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A valuable quality of the present research is that PA levels were objectively measured using 
accelerometers in two countries. Children’s PA was measured over five days that included child-
care and home settings in each of total of 27 childcare centers, covering both weekdays and 
weekend days in Finland and Australia. However, in Australia measurement could have benefitted 
from the inclusion of data for the entire week as an option rather than a Wednesday to Friday 3-
day protocol to facilitate the attainment of more valid childcare days. Moreover, the children were 
co-operative and eager to take part in this study. Proxy reports by parents of their child’s receptivity 
to wearing the accelerometer clearly indicated that it was a positive experience for the majority of 
the children. 
 
Conclusion 
Despite cultural variation in certain methodological characteristics (i.e., variations in attendance 
times, seasonal time periods) no major differences associated with country were observed in chil-
dren’s daily total PA. During childcare attendance hours children engaged in MVPA for more than 
half of their daily MVPA. Variation in children’s hour-by-hour PA level was more pronounced during 
childcare days than homecare days. This study provides a useful contribution to facilitating im-
proved understanding of preschoolers’ PA behavior and the development of future PA interven-
tions in contrasting international contexts such as Finland and Australia. Reducing SB and integrat-
ing increased levels of PA into childcare settings’ daily living activities has the potential to enhance 
PA in preschoolers. The basic evidence generated in this research may make a partial contribution 
toward encouraging and stimulating parents to work towards an improved provision of opportuni-
ties for physical activities, such as visiting parks or playground areas after childcare hours and dur-
ing homecare days. In future, complementing accelerometer data with contextual information could 
provide clearer perceptions of the type of settings and contexts children are engaging in higher 
levels of PA. 
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